A search for spectral variations of planetary nebulae and related objects 

L.N. KONDRATYEVA 

Fessenkov Astrophysical Institute, 480020, Almaty, Kazakhstan 



The results of long-term spectral observations were used to search for changes in planetary nebulae and emission- 
line stars. Significant increase of excitation degree is found in two objects: Ml-6 and Ml-11. 
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1 INTRODUCTION 

It is widely known, that physical parameters of planetary nebulae and their central stars change 
gradually during evolution, but these effects are rather difficult for detection in a short time interval 
Sometimes much more exotic processes, such as throwing out of a secondary envelope, jets and so 
on, take place in planetary nebulae. Similar processes cause appreciable changes in spectra, but these 
events are rare and unpredicted. In other words everyone knows, that planetary nebulae are changing, 
but these effects are hard to be found out. The problem is more complicated, because results, obtained 
simultaneously, but by different authors may sometimes differ sufficiently. We decided to use the fact, 
that spectral observations of the large group of planetary nebulae and other emission objects were 
carried out in the Astrophysical Institute for a long time and with the same equipment. The very first 
spectrograms have been obtained in 1970 - 1973, and the last observations were conducted in 2004 - 
2005. The aim of this paper is to search for any variations in spectra of chosen objects within 30 - 
35 years. We expected, that even small fluctuations of T e jf , T e or N e in some young objects can 
affect essentially the intensities of forbidden lines. We also hoped, to find any traces of fast dynamic 
processes, such a jet, if they have taken place within the specified period. 

2 The sample of objects 

The objects of different types and ages were chosen for this study. There are three classical planetary 
nebulae of high and moderate excitation (K3-58, K3-3, Ml-5), three low -excitation planetary nebulae 
(Ml-6, Ml-11, Ml-12) and Ml-77. The last object has the spectrum of very low-excitation with the 
[On], [Nil] and [Sn] emission lines, weak emission and absorption lines of neutral metals. It was 
identified as a young planetary nebula by [1]. Later some irregular changes of brightness and radial 
velocity were found out by [2] and [3]. Our observations showed that there are TiO bands in the 
spectrum of Ml-77, and it was considered to be the nebula around the symbiotic star [4]. In addition 
three emission objects were included in our program: MWC 137, Ml-15 and He2-446. 



3 Observations 

All observations have been carried out by the author with the 70-cm telescope of the Astrophysical 
Institute (Almaty, Kazakhstan). We used a slit spectrograph, equipped with a three-cascade image 
tube until 1998, and with a CCD matrix ST8 since 1999. A sample of gratings and objective lenses 
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provided a spectral range from 3700 to 8200 A, with a dispersion in the range of 20 - 200 A/ mm and 
with 0.3 - 1.1 A/pixel after 1998. Wavelength calibration has been done using a laboratory source of 
He I, Ne and Ar emission lines. 

The earlier data base has been obtained in 1970 - 1975, and the most of results (but not all) were 
published. Later, observations of objects were continued but quite irregularly - from time to time 
until 2005. 

4 Observational data for the planetary nebulae 

At the first stage of our study we compared the results of the earliest and the latest observations. 
One or two rows of data for the middle of specified period were included as well (Table 1). The ratios 
of 1(0 111,4959+5007) / I(H/j) and I(Nll,6548+6583)/I(H a ) were used, as an initial criterion. These 
lines were chosen because, as a rule, they are the strongest in a spectrum, and secondly, an influence 
of interstellar absorption on these ratios is minimal. The designation of the objects, observation date 
and ratios of line intensities are given in the 1-4 columns of Table 1. Corresponding references are 
presented in the last column. Our unpublished results are marked by "AFI". 

One can see, that line ratios for the most of the objects in Table 1 do not show significant changes, 
i.e. ratios of the maximal values to minimal do not exceed 1.05. By the way this result confirms the 
reliability of our method of observations and measuring. But spectra of two objects (Ml-6 and Ml-11) 
have undergone essential changes: 1(0 111,4959+5007) / I(Hg) increased during the specified period 
by 40% and 110% , respectively. A little bit smaller increasing of this ratio ( about 14%) is noticed in 
the spectrum of K3-58. Below we will consider the spectral changes of Ml-6 and Ml-11 in details. In 
the Table 2, 3 results of spectral observations for these objects are presented. The year of observation 
is given in the first line, The next line contains references. All values of emission line intensities are 
dereddened. 

Six low lines contain available parameters of nebulae and central stars: EW - the equivalent 
widths, log(Fg)-logarithm of the absolute flux at EL3 (in erg cm -2 sec -1 ) N e - the electron density 
determined from the [S 11], 6717/6731 line ratio, T e - the electron temperature calculated from [Nil] line 
ratio and/or [Oni]line ratio and T e ff determined by Zanstra method. Analysis of Table2 shows that 
in Ml-6 the first essential increase of [Oiii] intensities have taken place between 1975 and 1986, and 
at that time changes did not concern other zones of the nebula. The strengthening of Hei lines 
began rather later, and decrease of [S 11] was registered only in 2004. All these facts give evidence 
of gradual increase of excitation degree of nebula. But we may say nothing about its reason. Both 
the temperature of central star T e jj, and electron density N e in S + region look like rather constant. 
Some other parameters, such as EW(H^) and F(Hg) show fluctuations, but without any tendency. 
It is appeared that an emission spectrum is more sensitive to changing of conditions in a nebula than 
usual methods of parameters estimation. 

Spectral data for Ml-11 are presented in Table 3. In spite of low precision there is good agreement 
between our the earliest values of [Oiii] intensities, and data of [13]. Then some weakening of [Oiii] 
intensities was registered, and errors were decreased significantly. Intensity of [O ill] lines began to 
increase gradually since 1988. Up to now other lines do not show essential change. Only the intensity 
of He 1 has a little raised. In other word the raising of excitation degree takes place only in the 
most inner region of nebula Ml-11. Some physical parameters of Ml-11 have undergone fluctuations. 
Increasing of T e (0 ill) as high as twice after 1986 is very interesting fact. It may be the result of any 
dynamic process (shock wave?) in the inner zone of the nebula. From the other hand high value of T e 
may be the reason of strengthening of forbidden lines. The value of EW(Hg) is practically constant, 
but EW(5007) increases in according to the intensity behavior. 
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5 Spectra of related objects 



Three other objects from our list are identified as B[e] stars. Their spectra contain the strong con- 
tinuum and Balmer emission lines of hydrogen. In addition there are [O i] 6300,6364A lines in the 
spectrum of He2-446 and weak emission lines of Fen in the spectrum of Ml-15 and MWC 137. All 
three objects are embedded into large Hn regions and have infrared excesses due to warm dust. 
Emission lines H a and Ha are broad in all three objects. 

Filter photometric and high resolution spectral observations have been carried out in order to 
study the stellar brightness and profiles of emission lines. The corresponding procedure is described 
in details in [17]. 

Selective data for these objects are presented in Table 4. This information, is not complete, but it 
allows to estimate the behavior of studied stars. 

He2-446 is classified as a B[e] star [16]. It shows a photometric variability within m 2. There is 
no correlation between change of brightness and EW values. One can see that between 1988 and 
1995 EW(H Q ) and EW(H j g) have increased as high as twice. At the same time FWHM has remained 
practically unchanged. The profile of H Q consists of two components with the following ratio of 
their intensities: \i U el\ed =0.70=L0.05 . It may be explained as a result of stellar wind and rotating. 
Variations of EW is probably connected with a gradual increase of ionized mass of stellar envelope. 
Ml-15 is the faintest among the chosen stars, and thus it is poorly studied. All that we know are 
the values of EW(H Q ) , and their changes are within errors. 

MWC 137 - the central star of Hll region Sh2-266. According to [14] it is an evolved B[e] supergiant, 
probably of BO spectral class. As it is seen from Table 4, EW(H Q ) and EW(H^) show significant 
changes, as far as V-magnitude Spectral and photometric variability of the object may be coursed by 
change of stellar wind power. 

6 Conclusions 

Long-term spectral observations of planetary nebulae and some emission-line stars were carried out 
within 30-35 year. The results were analyzed in order to find out any change in these objects. Fluc- 
tuations of some emission line intensities in the most of objects did not exceed 5%. Essential changes 
were revealed in two planetary nebulae: Ml-6 and Ml-11. Significant strengthening of [Oiii] and Hei 
lines and weakening of [S 11] (in Ml- 6) testifies about change of physical conditions in the nebulae. It 
is reasonable to assume that all observable effects are caused by increase of T e jj , however available 
estimations of this stellar parameter don't confirm such conclusion. In case of Ml-11 a sudden increase 
of N e (Sn), T e (Oiii) and T e (NII) was registered in 1996. Probably these changes are connected with 
some dynamic events in the nebula Our study of the emission-line stars shows, that MWC137 has 
undergone as photometric and spectral variability. All changes are irregular and have rather low am- 
plitude. Ml-15 is appeared to be quite stable object. He2-446 showed significant increase of EW of 
hydrogen lines, connected probably with a growth of ionized mass of circumstellar envelope. 
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Table 1. Spectral data for the chosen planetary nebulae 



Name 


Date 


I[Om]/I(H^) 


I[Nll]/I(H Q ) 


References 




1974-1975 


14.5± 2.0 


1.73± 0.24 


AFI 


K3-58 


1988 


15.2± 1.5 


1.62± 0.16 


[6] 




2004-2005 


13.3± 1.0 


1.59± 0.10 


AFI 




1972-1973 


4.82± 0.48 


0.44± 0.05 


[71 

L 1 J 


Ml-5 


1971-1973 


5.02± 0.50 


0.43± 0.04 


[5] 




2004-2005 


5.08± 0.45 


0.44± 0.04 


AFI 




1971-1973 


1.25± 0.12 


0.60± 0.07 


[8] 


Ml-6 


1986 


1.60± 0.16 


0.68± 0.07 


[6] 




2004-2005 


1.72± 0.11 


0.76± 0.04 


AFI 




1986 


0.10± 0.02 


0.88± 0.10 


[9] 


Ml-11 


1996 


0.14± 0.01 


0.98± 0.10 


[10] 




2004-2005 


0.21± 0.04 


0.95± 0.05 


AFI 




1975 


0.26± 0.06 


0.74± 0.06 


[8] 


Ml-12 


1993 


0.25± 0.04 




[12] 




2004 


0.25± 0.03 


0.72± 0.04 


AFI 




1972-1973 




0.37± 0.05 


AFI 


Ml-77 


1983 




0.33± 0.06 


[1] 




1988 




0.41± 0.05 


[6] 




2004-2005 




0.41± 0.04 


AFI 




1972-1974 


11.8 ± 1.2 


4.45± 0.60 


AFI 


M3-3 


1987 


11.6 ± 0.9 


4.36± 0.40 


[11] 




2005 


12.1 ± 0.8 


4.40± 0.40 


AFI 
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Table 2. Results of spectral observations of Ml-6 



Date of 


1971-1975 


1986 


1989-1990 


1995 


1996 


2004-2005 


observations 














References 


[8] 


[6] 


AFI 


AFI 


[10] 


AFI 


4101 Ha 


23.6±3.0 




25±4 






25.2±2.5 


4340 H 7 


47±3.0 




48±3 


47.5±5 




44.0±3.2 


4471 He I 


7.9 ±1.0 










10.1±1.5 


4861 H^ 


100±3 


100 


100±3 


100±4 


100±2 


100±3 


4959 [Om] 


29.0±3.0 




42±4 


39.4±4 




44.1±2.3 


5007 [0 in] 


86.7±7.7 


122 


117±7 


122±6 




128±6.7 


6548 [Nil] 


47.2±3.5 




46.4±4.0 




45.8±4.1 


48.5±3.5 


6563 H a 


285±15 


285 


285±7 




286±20 


286±11 


6583 [Nil] 


124±10 


140 


130±11 




135.6±11.1 


146±8 


6678 He I 


2.1±0.5 




2.3±0.5 






4.2±0.4 


6717 [S n] 


5.4±0.5 


1.11 


4.8±0.6 




5.04±0.5 


2.9±0.3 


6731 [S ii] 


7.9±0.7 


2.46 


8.4±0.9 




7.16±0.7 


4.2±0.4 


EW(H /3 ) 


260±60 




187±23 




257±20 


230±20 


EW(5007) 






213±23 






260±30 


log F(H^) 


-12.20±0.10 








-12.269±0.005 




N e [S n] 


8300±1000 




8000±1000 




7500±1000 


8000±1000 


T e [Nn] 


12000±1000 












T e.ff 


>30000 










>29300 
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Table 3. Results of spectral observations of Ml-11 



Date of 


1971- 


1984 


1986 


1988- 


1996 


1999 


2004- 


observ. 


1973 






1989 






2005 


Refer . 


[81 


[131 


[91 


AFI 


[101 


AFI 


AFI 


4101 H 5 


24.2±3.2 




23.1±0.5 






25.8±2.7 


26.4±1.7 


4340 H 


51±5.2 




43±0 6 






t:<J . ' ) 1 t: . U 


tit: . VJ^L O . O 


4861 Ha 


100±3 


100 


100±4 


100±2 


100±3 


100±4 


100±3 


4959 fO tttI 


6 0+2 


5.2±2 


2.2±0.1 


KJ . t: _l_ \J • ' J 


q Q_i_n HA 




c oin o 

• ' ) — — \ > ■ ' ) 


5007 [Oiii] 


19 ±8 




6.8±0.2 


10.2±1.4 


10.4±0.1 


15.4±1.9 


15.6±0.7 


6548 [Nil] 


62.5±5.5 




63.7±2.2 


65±6 


66±4 


69.5±8 


65.5±3.5 


6563 H Q 


285±15 


285±7 


285±10 


286±14 


285±10 


286±20 


285±10 


6583 [Nil] 


186±10 


192±5 


187±10 


190±12 


201±10 


200±20 


204±10 


6678 HE I 


0.8±0.4 




0.85±0.04 


1.05±0.10 


1.19±0.05 


1.1±0.2 


1.3±0.1 


6717 [S n] 


0.42±0.08 




0.63±0.04 


0.70±0.09 


0.46±0.03 


0.46±0.03 


0.51±0.05 


6731 [S ii] 


0.96±0.15 




1.1±0.04 


175±30 


0.96±0.05 


0.95±0.11 


1.06±0.08 


EW(H^) 








18±1.4 


173±17 


175±20 


175±18 


EW(5007) 










19±2 


40±10 


30±7 


logF(H /3 ) 


-11.76 
±0.10 


-11.839 
±0.005 


11.85 
±0.05 




-11.781 
±0.003 






N e [Sll] 


10000 




4500 


5100 


9300 


8300 


8300 




±2000 




±500 


±900 


±900 


±900 


±800 


T e [Nn] 


10500 
±1000 


9800 
±1000 


10300 
±400 




22800 
±800 






T e [Om] 






11300 
±400 




22000 
±800 






T e// 


>26500 


29000 


27000 








>27000 
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Table 4. Spectral data for the chosen B[e] stars 



Name 


Date of 


EW(H /3 ) 


EW(H a 


FWHM(H a ) Vmag 


Refrences 




observations 


in A 


in A 


in A 






1971-1973 


36±5 


280 ±30 


6.6±0.4 14. m 7±0.03 


AFI 




1988 


35±4 


330±30 


14 m 6±0.2 


AFI 


He2-446 


1995-1996 


70±15 


700±40 




AFI 




2004-2005 


68±7 


730±60 




AFI 




1971-1973 




2453±30 


7.8±0.4 


AFI 


Ml-15 


1991 




230±17 




AFI 




2004-2005 




245±12 




AFI 




1971-1973 


47±10 


300±40 


5.5±0.4 


AFI 




1977-1980 


46±10 




ll. m 67-ll. m 98 


[16] 




1981 




311±15 




AFI 




1988 


54.7±10 


240±25 


4.8±0.4 


AFI 


MWC137 


1989-1994 




254±27 


4.6±0.4 


[14] 




1993 


60±10 


295±10 




AFI 




1996 




550±10 


ll. m 2 


[15] 




1998 


39±10 


200±20 




AFI 




2004-2005 


37±5 


196±10 


5.0±0.3 


AFI 
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